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SI8l£i£3t£-£3X6i:. tt^BIJblcfcfcafy PA* 
fc*t»£-l2:-5xmi:, >7 AK4r*taf^-frfca 

fb#y !>i»eisfiws!i*& 
*±fcHMt*©a{t^f y !>AR^f$*fcifc nog 

^■^^^w^^^s^^^fflJKSi^^b^y *i»© 

. -fb^fy !>A©»*«KSr#*iai:Srf|*.fcr.4:*r1*« 

t-rs^tTyy ^A^ssscot?^^,, 2 
mm*mmmtzx.mb, m&mBUzicmitxy v&m 

i/^tvfc-r^^«-^e3*-5-=r^^^S.TJ«^t;^y !7 

& 

mt#})9J>.<Dm9i&&mm*Mf&-rttmb. mm 

£S:1#»£-*-3afb;*fy !7A^S«©»it^ 

v^-rn^fH«©^ffi-e#e>ixsea:ufc^b7yy 

»*«S«:Ja^S =. 1 4r$MS£ -f-£ft*g l 4 ©^ 
-ftt^^i5*©^t:^y !7^^aS«©S5fi^fe«, 50 
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S«©Mit^&„ 

@c, = S"7VK s?/u-= = 

£rfflv5fi#Jg 1 d»e> 5 ©v>-r*ta»fcB*S© 

Iif3fS8] ±l24ilgOf **10~100 0nm 
©Smfflrt t-raif #1 1 5 ©V^-f tV^|CiE®©^b 
^y !7^^ H %*«©®Iat75-fe 

[iit*9?] Jif5^®^-&.5^ft;7yy ^a^js^^s 

0 m mti± b-fZfil&Jg. 1 5 ©^-f*t;W£B&©^ 

[19*511] ±IE^<b^y 7AS-«ft5lS©- 
SBXtt^SitasH V P E j*^ J: 1 a>5> 5 ©v^ix 

m-atwj v&mbmmb*MM£itzx.m-ehz>m 
©ssat^^o 

[11*513] JifS^Mmtr^y^v^-rar tCJ: 
•3, mtJfV <?J*fmbtii¥&m&b&MM£ltZ>m#3gl 

[ft*Bl4] MtflHl 3©V>-f*ta>KBgt© 

So 

[0 0 0 1]. 

S«©«it^-)*St5^b^y !7^MSS«irH-f-5o 
[0 0 0 2] 

[^©Stfff] »b^y^A (G a N) , »b-T>^!7 
A^fyi7A (InGaN), ^b^ y 17 ^> T ^ 5 - !7 i> 

(GaAIN) §CGaN^«lfift:fi, 
^-f*— K (LED) -^W— if*V*— K (LD) 

L-r, P3fc«r»io«rv'>*. c? s> g a NS^b-g-ife 

[000 3] G a N%H£&to*mftti. 

&mi><. mmizmz.2>Ga N©s«fi*^#p>^-cv> 

^V->„ ^^JK<l5fflfb$n-CVv5.GaN^*ffi©®Kr4 
t7r^7ffc9 > m^i^7'r'rTS«©i»c^r«i^ 
JS^ffi^Sfe (MOV PESO lf-CGaNSrx^Jf-> 
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[0 004] k^ZX y t7 7^rSKfi, GaN^ 

GaN^^yri?:^^, ^ :7 y 

N^g^-^^*-fe^gfl^^^ / - C v> S (4#§f§0g 6 3 - 1 

8 8 9 8 3 ^m&m) o 

[0 0 0 5] ba>U ^<Dfcm.f&%:/<y7Tm*m^tc. 

*V\ GaN|j;It^|S(S^tLri/>S 0 ^.(OiKmVt. 
GaNSLD *®5t*f- 5 _LT*P$§ <h ft S r £ $ ^ 

[0006] GaN/^lffio 

[0 00 7] 3=*:, ±ms<^? G a N»S<DJS*W:## 
tCjSLV^S. *iSl:4ot, HVPESfO^tGa 

^^gSfi^r^ LTG a NO g :id&&<S:# 3*^*5^ 

[0 0 0 8] 

»R±fc:jEdcfibfcG a N^^^^^Sg^ 

Oi@ST?S«<OS t> ^sifiD U aHKjfts«*iT b£ 5 
iiK , II^Hbl-teMoT^ftV^ 

[0 00 9] i ^ Jpn. J. Appl. Phys. Vol. 38 (1999) P 30 
t.2,No.3AKl^ f7r>f7Sfi±(c:HVPE^Ga 
N4:P<SgSttS, ^f^^IMlTGaN 

J; 5 **jSft)Sfii:^7 ^ * 2* A y> ^-fv\ 
[ooio] *fc. **U^v^at«^«v^*j6i:u 

G a A s SSiCH V P EjltG a N^f < S 
*0«G a A s I«*x y f-y ^-C»*tS*ft 
(#Pi2 0 00-1 2 9 00^S#I) tm^ZtlX 

a NS«tr#^r £tfS-Ci|:5as. GaN3ISft«*»t»lCG 40 

[0 0 11] xlf ^^5/ t ;^ftG a NO^B««fi« 
9 , 1 0-3 1 2 9 7 1 jCft«3&5 

ftv\ 

[0 0 1 2] *ZX\ *»WOSWtt. ±f2i$M£rfc?* 



[0 0 13] 

^7/^7^ t77-Y7Sfi±l:MSogfW 
v Wit**** ft s ttJ*S«± M&JSil£±g« ^^511 

bfcttiS5«««rl»*U SsibfcS^y ^A^8f a S 
[0014] .*!8WOSft^y i>AS$SS«<oS83S*-ife 

««*»*t5I«i:,- r a>SMRj«*«««rj£j& t br 

v vj^m&mffiz&zjink, z&mitxv &&&&& 

bfcSYbtfy l>A^ B B a S«^#^X^^^xfct>co 
[0 0 15] *38W*>»Mf y !>^^SS«(D»{at*& 

^SS£0 v^iTtwft>*> fe ft £ ffllSSSiifci&JRKSrifia 

s-frsxe^, r<oA«iR-h^«Yb^y 

X r 09^JHMK&t*JhB b*:^;* * JbK: «« 

fft^y^^ta^^siSi:, r oafish yer a 

IBS:Sffi*a$^:^aSS«^.e>Jiiab^tB«SSSr^ 

[0016] ^smnmc-xy *<u&&mm<omi&iTm 

MI©t77^7Sfi> t77^7Sfi±(Ci& 

fe^C^: brroa»**««atK±i2bfe^^^««o 
ABKrW«Jt8t**fc«Jl»Kd*& m^S«$r^* b. 



5 

[0017] ±&m&\£mz_&&m<Dmktf» ^a**^ 
*«o»ig^ifett x eftufca^y i?A»as«^b 

[0018] ±E«*fcaD*.*»W©»fc^y 

*«o^3t^fi. Situ^cM^y ^^£S^^ 
[0019] ±^mm^m^mm<Dm^v v^g* 

«SO«3S*«fett, eilL^cS^y 

a<b. r<DSI^j*^*Sr*&/Si: ltr©I^I«« 

[0 0 2 0] ±fB«jS^*D^L*5IW60SftS^y 
3K«<0»3t*»tt, SSCU7t^b^y !>AgS£fi^b 30 

* s ammm±ic< tut-* * ? tt$n>* & a 
"-^ ««xw±iaufc^^^«*<oj:^a{fc^y ^^M*±t 

[0 0 2 1] ±E«^^*II*.**W©*^y 40 

x«o«ii*jfcw; % 4fejRBi^ctt^EiRiu^jaK-efc 

[0 0 2 2] _blB«^E^*Dx.*5IM^>^b^y 

[0023] JtB«*fc/in*.*5i8Hoaft^fy *<&t*A 

*«0>»3fcSrjfcWU ^Jg®?>^£ £ 1 0-1 000nm 

<D&&ftt-rz><D*mi£ uv\ so 



) . #12 0 0 2-2 8 4 6.0 0 

6 

[ o o 2 4 ] ±mm&^to&*¥&*m<Dmik*r i) » -M^a 
xtiL<o9m&m&. Mm** z&ik#y& Atomz* s 

[0025] ±ia«^(cjnx.*3iKco»t^ y 

[0 0 2 6] _blB«jS^iDx.*3BK<Z)«Yt^y *-A#£ B 1i 
[0 0 2 7] ±B«*fcJP*.*»W«>Kift^fy 

[0028] ±E«j«icap*.*38woaft^fy 
y » A«*rJta***:aji*«**j«r s r t ict t> . 

fca«. 

[0 0 3 0] dfeSKJbtc^-^— ^v^^tt^-^^ 

*«^e>ffi?B«ESr««i>Ttj«ft«©aft^ry ^Aig. 
[0031] $ A«BtJ:»c»b^y t>j*m&mm 

-**?m&<D±KH&mfc#y ^^m^mm^xmm 

[0 0 3 2] SfcSbKl. m&m%L±.\^ s<?-z=.lssf 

^*®«^^^^®«oJi^^fc:^fy *AR£:i§5K 

nmmtxi) t^m&mmisitxmmmL&Mj&vxh 
fca^„ 

[oo3 3] mz. &tL\^tcmfc#v ?*i&&mm**t> 
y Ai«r*a $ -fr. c (omit* y t> A^^^a £ 
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[0034] ase;u*:a<t^y 9^jsfis«^e> 
«©jif^fc:^fy ^AjRSriiaf*^ rotwy^A 

[0 0 3 5]^, &&V1tmK#V 

[0 0 3 6] S4LfcIft#y!?^fiS«^6 

[0 0 3 7] 

[0038] *&m<omfctfv 9J*tt&mm<Dim&& 

[0 0 3 9] (1) &jRjR±lc]|i|£A£fc;tf y *^§r^t? 

ttEiftL-cv^ifcsws&s (i^r^T^tf y *^<z> 
cB^Agfjb^ttfcsa^ifc^sAJRo (ill) © 
tcmiPii,izm j $ > tt&%k&m<D (oooi) ©tcia^u 

^ti§(omi»sso (i i i)"BJbfct>n* 

[0 0 4 0] (2) Sfctetfy *<d-c# 
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to 

[0 0 4 1] (3) mib#V tr^&miZtt^Wt^T/ux y 

[0 0 4 2] JbifcU*:*fl=(i) (3) SrS6fci-r^<^t? 
t5Mitt|j:7;K^^^ ^ #3 % 64, - 

10 yfr/V, ^Pra - r>A s /N7i: ^Atf^tf^*!, 

[0 04 3] »:k:AJ|ilBl«r«a[S-erS J6r»tt. 

[0 0 4 4] m$i!&&lzm^htlZ>-*X? (OttK&y *t 
£< , fflJt&S i 0 2 i Nx §Wb*l5c 

[0 0 4 5] J^T. Mrft^&m&mtrxvtmirzaK 

[0 04 6] 

[IHftfl] (HMD ffl^Sfi^tWIgSO. 8 

mm G»2-Y>?-) 0*^f B f7 7^TCffiSfi±|C, 
^J^£ UT^T7l^ ~#i*CDjK£:0. 1 Mm(Z)f^{r 

30 mmzitito T/\s^~?j*m*Mmisfzm&<Dxm&m 

m7&&ftotzkZ2>, -9-z?t4T(D (0 0 0 1) mkJZ 
\c T;v*=iVM><o (ill) ffi^Si-siilWtf— * 

[0 0 4 7] roS«trMOCVD^ (*«dfeJR«ti* 
/P^^^AK^rO. 1 Atm<DJ»Slcj««S*fco 

{c. awauMrio-5ot*-e±H , % tmg (fy^ 
^y^^) kT^~Tk&mnk^xmk#v 

[0 0 4 8] KOSg^HVPE^WU 

BE*«5«JBE-C. 3E«fflA^ i 0 5 0T,X, 

&Mmm& so n m/ h -e& a c 

50 [0 0 4 9] rcDj: 5i-UT#^ttfcSSS«^ tt<D 
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[oo5o] mi &*&w<Dmt#v v ^m^m^m 
[o o 5 1 ] i^ei^sdv^ lttmz&mfct ttotg 

^JgJg. 3 nMfcTjv Xzz.xy . 4 temttf y * 
[0 0 5 2] H V P E^b® ^ffi UfcMSS 5 ^1 10 

*>-h*&u&^t?mmm&m^^xwmi,xm3zvtc. 0 
comm. mttfv *j±w&£k<D£&mmmhtttz 0 

[0 0 5 3] nhtlfcmtXV V J*W&&m®L<D&*) * 

SOfy hO^S^rSJ^bfetr^ 2x10 s ffi/c 
m 2 ^^/>^<, ^Stt^v^b^y !>AlJtJS 
t>titv «rttB L fc 0 

mmm2) mx^Kti^xtom&so. smm (^2 . 

-f^f) (D*8f B f7r^rCffiSS^MOCVD^ 
iCAtt, TMG^7^-Ti:5rI^Lt, 6 0 0t 

&um*l 0 5 OtlcitfT, a<t>tfy ^A«S:l jam 
<7>*£tc^B:£i*r*: 0 30 
[0 0 5 4] £<Z>*«_hlC % &M1£bVX<D&<Dm& 
0. l/im©WClfJt X»HW«**ffTo*:fc i 
r^>, MO (111) ®(Cffi^-r^>[Hl$fft: 0 — 

[0 0 5 5] r <Z)Sfi§rS$MO C V D^C Atl, TM 

ii\ S 6>fc:SIRi&fl?«r 10 5 O'CKJitf TUSfSrTMG 

[0 0 5 6] #cK. r^SfiSrHVPE^C^U S 

-e&3 0 fig**#w:, mx&i&m-c m&mm&i 0 5 

[0 0 5 7] HVPE^^6^f9fflUfc^^^Sr3E7K 

r >r 7ss ^ y * am t *&m-rz> ^t&xz 
it 0 ^<D£?\z\^xmt#v ?j»m%nk<D&3:mmm 50 
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10 

r.^>. 4X1 0 s my cm 2 b, #*fc^ft<, 
WUfc. 

(^IM3) HJS8X«i: LT©i£&5 0. 8mm (» 2 

-C&J^£ UT<£^cD^£:2 0 0 n mCDJ££ 
fc 0 rO««SrMOCVDjprtjCA*t; TMG^7^ 
~Tk&m&kl.X^ 6 0 O'CiLT*" AIR 

(Di&mzmittfV ")Al^r 5 0 nmCD/^^^-^ 
/Co £ fefC, Sffi^SS: 10 5 OlCfcS-eJbff, TMG 

[0 0 5 8] r(D»K*HV.PE^rtlC#U S«3E® 

fcJEWcIgJftra, 7^ = 7MSW!l?Af$)5o 

J&^S3 S 8 0a m/h Xfe^5 0 

[0 0 5 9] HVPE^&*9taUfc«*«KSrll!W- 
Kfc:«»U «W*r»***i-*rfcJcj;D. *y-^r^ 

[0 0.6 0] ft&tlfcttft*!! ?A^Sfi^Ilr 

tcbzZs 9xi o 4 mx cm 2 b^ &mz&t£<. & 
m&mmb u-ccoaiss o. 8 mm gr 2 *f ^) 

«<D_bfc&J|^£ ltco^s/^B$:0. 1 MmCQjp$ 
MOCVD^(CAtl, 7K^#^f 

1 2 0 0W3 0»U g«3Effi<z>^ y-~>^£ 

t?o 7C C mfCSt, b T Zs*r~T b 

zmnb ur. 106 o x;<DmMx&&±\cm4kT/i' $ 

MG b T ls*~T b \£®&x.xm--1Fftxm&L±\zmfc 
[0 0 6 1] r^SfilrHVPErrtl^L, SSSS 

\cm\f*itm&t±, 7^^7MSwy?At^5o 
^s*#fi, mMMtm-c. m&mm&i o 6 ott% 

[0 0 6 2] HVPEjP^fe»5UU^aJlX«*r3E* 
9. f7r-f TSSirSft^y ^AJR^^ffllL^o * 
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loo 6 3] ftbtiitmbxy t?j>m&&m&<D*vy 

7S«S:Pa uwffi^i^ai^Lfcirr^. 8xio 18 
cm" 5 -efoofCo CCD* 5iat, ^tyr^nii 

[0 0 6 4] ^AMSSg^*!^ 

Tz.kZZ>* 6xio' <@/cm 2 #flffc:*fr*<, 

(HJ£#|5) mm&mt b-COitSS 0. 8mm 2 

K&ffcKJtOfc&fc&Sr 10-20 nm^f^Clf I 

[0 0 6 5] roSffi^MBE^ <#^»«ftfiMM« 
f*JfCA*V, 7 0 0tT*SK±l^tft^y ^is^O. 5 

S«±fcS{b#y £^£3 0 0|tmOlSC«i^ 
fc 0 J58fi*frw:, JBE*^#ffi-e. 05 0t 

[0 0 6 6] HVPEJF^bS?)UlUfea*»ESr*ffc: 

[0067] #&*tfcaEft*y 9^«eAXfi^«i«r 

2X10 5 H/crn 2 « 

[0068] #&*L*:Kv^a[fl2^y 

To ) OlBlcf»*, 1 000t, 2BflH0>S;W&DT~ 

(^J£#J6) ffi^SKi: LTOiil^S 0. 8 mm (#5 2 
^fVf) ^Jay (1 1 1) SSJt^ ^M^tX 

MOCVD^ICAH, *i#i^8O0tT*3 0» 
isffl&U S«^®co^y-^^^SrtT5^!^^fc:iE^S 

=T LT 8 0 0ttffl(DiI(Clft7/W^ 

iSASrl 0 5 O'CK^-eJLtf. TMG^TV^T^ 
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[0 0 6 9] r©S^HVPE^|;^U 
l^k^y 3 0 0 Mm^gJ (C^^Wco J&g 

fi*«=tt, £E*as*?jBE-c. 0 5 ox:x\ at 

[0 0 7 0] HVPE*F^bSt«9f±iL^SISS«*3E7fC 

a^y ^A*3»»^asaaK^»6*tfc 0 

[0 0 7 1] »&*tfcSMb;tf y &J»m&&3&R<D3tmt: 
2X1 o 4 <@/cm 2 i:, #*K4>*<, » 

(HJ£01|7) ttB8X«fc UT<DBDg5 0. 8mm (#*J2 
-O^-) (ill) SS$:MOCVD^fr 

A*t. 4 0 Ott, TMA^LT, 

20 a^Sn UW;v^r)^Mo. 2* 

mOj?£fci#«£i*:fCo 9I£«#. H— JFrt-eSSil* 
£6 0 O'CMJitf; TMG*T:^=rfcSrJDiW£ b 
r^5-9ABtoaiBlcafb^fy ^AfllSro. 0 1 

[0 0 7 2] r^Sg^HVPE^f^U S«3c®fC 

afb^fy ^a^3 o o Mm©JW;anc*«S*fc 0 
30 jffi^ds»jBE-e. o 5 orx% j« 

fiitff^8 0 Mm/h-e^^o 
[0 0 7 3] HVPE^a»fc»&ffiLfc«/B*«*:S* 

[0 0 7 4] »&ttft:«flSjVy !?^^SfiOSIIr 

^^r^, 4xio 4 ®/cm 2 **ic^a<. fif. 

40 SrSMgUfeo 

<»fi«8) ffl^S«<h Lt^ilS5 0. 8mm (j»2 ' 
-f>-^) Ov-y = (111) SEtrMOCVD^fC 

a*x, **#H* ( f-eaaE«a«sr4 0 Otfcb-C, TM 

fFto-em&HBMt: 6 0 O'C^Jbtf, TMA £ T 

Id, m&f&&&! 0 5 Ottd^T-Jstf, TMG^T^ 
50 ^7i:^i:Lt, Sfi±lclft^y!>^l M m 
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[0075] :^sg^HvpE«t % mmmmiz 
mtitv ^A$r3 o o fimcom^^mm^^tzo i&mic 

[0 0 7 6] HVPE^^^^»?£tJL^SI^S«^3E7k 

[0077] mbthtzmtif}) ^^teiSfi^i^ 
^^r5> sxio 4 my cm 2 t, &mz'j>fj:< > & 

mmm9) u^sffi^Lt^sgso. 8mm mz 

MOCVD^fatl, ^#1^6 5 0^3 0^ 

=-t t *mnt tt, 6 5 0 x:x^m(Dmm\^m{tT^ 

S^&S£r 1 0 5 O'CtCifc-ei:^ TMAtT^T 

[0078] ros«^HvpEjFrti^u mmzm 

\s^J%WteTZs*~TRZ?mkJfV VJ»X&>Z> 0 J«ft* 30 

iE^^JET% g«i&tf*Sl o 5 0X:X\ j£*i£ 
»S8 0Mm/ht^5o 
[00 7 9] HVP E^feS 9 ffi lfciiSS$:M 

[ooso] '&t>tiitmfc#V ^^*3^SS«^®* 

tcb^Z, 1X1 0 6 fa/cm 2 k, **^«<. SB 
£filfgLfc 0 40 

(IOt«i o) (iii) Biftotv^, K« 

5 0. 8mm (3ft 2 >^) OSO I (Silicon, 
on Insulator) g:&£:fcH%£«£ LTM 

u z<Dmm<D±iz^mtvx<DT;i'$~?j*<Dm& 

[oo8i] z(Dm&&nv p EiFteizT^ft. mm\zm. 
it#v i>i*&3o o nuKomzizmmzitit* f&&\cm so 
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j£S^8 0 /xm/hT*$>^> 0 

[0082] ^ j: 5 ^ lt# htttzmmm^m.m t 

(S£K«1 1) aWMS*4:L-Ctf>M£7 6. 2mm 

3>f>f) o^>y=i> (iii) s^jhic, ^nv^ss 

PE^J*JKA*U 7^7?i^6 0 0t:tl0» 

**fc«v^iK»ttr^=rxt/*Yb;^fy ^t-fe 

So JBEAasflfflE-e. Sfill^ l o 5 O t 

T% S4W8 0Mm/ht*5 e J«*^tt^^C2/^ 

[0 0 8 3] HV P E^^^Kt) W tfcailffi^I* 

i-— Bfe§»u ^y^^aw^r /us = 9 
[oo8 4] nbtutmittry ?^*8ss«©^ty 

78S^i^ Lfc r 6 8 X 1 0 1 8 c m' ' Tfe o fc e - 

^50. 8mm (^2^Vf) OMSI^y^AS 
«&W*StE£LTffiV\ iOifiSIft^y * A£* 
JbK, ^M^i: LT©&<0lRSr0. 1 nm<Dm£\~m% 
£i2rfct>0£MOCVD^rtfCA;h^ TMAi:7^ 
7^$:gfiiU 3S«lt*«r8 5 0 , Ci:U &tiL±\£& 

(-StStaSSrl 0 5 O'CK^ff&U mft&TMGR&T 

>*~Tizwmz_xm&±Li£Mik#y vj**2 Mm<om 

[0 0 8 5] #CfC. t^SS^HVPE^f^U ^ 

BK*ffc^fy *A£3 0 0MmO»Ji:««5*fee 
SfCfflVN^m. T^*~TAx*mk#V *J*xh 

Zo JE*3^*ffi-C, S«^^i 0 5 0t 

T% J«*a*36S8 0 A*m/h-e*>«. 
[0 0 8 6] HVPEiF^&BKDUU^ifllJBSKSr^Tk 
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15 

5> ix io 5 my cm 2 t. h&mzTmm&x 
m^^mm intimitis ]) ^^xt^^^^/^s 

[0 0 8 7] ffi^Sfii:tTOES5 0. 8mm (»2 10 

tt^K2^3 0 0 nra(DJ?$|C7lf ^tt 0 Z.<D 
SS±fC, mCVUmcX *) S i 0 2 M6$r0. 5 m 

i 0 2 ^{C< 11-2 0 >tW<TK* h^-<7 , tt<D&& 

^©(iM7/imt^5o roSg$:MOCVD^l: 

^10 0nm(Df ^|^$^o £ bid. 20 
1 0 5 OXHC&X'^f, TMG^7^7i:^i 
tt v S«Jttcg^y i>^^4^ 1 /zm^J^fO&g 

U OflWSS Z t * ±X\^m^^MX 

[0 0 8 8] rOlS^HVPE^IC^U ££>fCg 

«*®tC^fc:^y !)^*3 0 o //m^j^^a^-g- 
£>£ e J««*«=W:. BE^^^jex% S«*&Sri*l 0 5 0 30 
*Ct\ **58flE^8 0Min/ht*5. fi6S»T«ia2 
f^i-»»S« 7 btlfc. 

[0 0 8 9] HVPE^&*9taUfcSIJiaKE7«r3E 
7kfcm« U M 2 «r«M»«-r« r i *C £ I? , 

^ffc:# y # a^4 offls i {Kl^^fwS^^ttTv^^ s 
i 0 2 6Sr^-rr^^K®KSrfflv^««W»"C 

»i^y*A¥*sj^esus*4 

[0 0 9 0] #bft;fc8fts;tfy !?A^f B SS4^E 40 
£IK^ISI;ft®3S«-e«*U Scot's/ h<ofl5«4rffl^ 
Ufci:r5, 1X10 4 By cm 1 #f^M'>#<. 

t^ffiMi 4) laaw^^tft^y -^A^ssgo 

[0 0 9 1] ttliS«i:U©ili5 0. 8mm (#J 2 
^^f) ^f^f77^7C®Sfil±lC, ^^^^ 
&1?4JgB^ Lt^©R2 I: 2 0 0 nm©»S IdS 50 



) 4#SI 2002-284600 

16 

ffiR 2 (D&m^itT ^ - AR 3 £ 1 5 0 n mtf>flt 

^y ^^Mf^ 1 Mmfcj«*Sii:*:„ Z(Dm&±{^ 
PCVD&"CSi0 2 I6$r0. 6 ju m t-4£;|g£ 

tf* 7thyy^77^isia^ sio 2 bhc<i 

-10 0 >tWff\^* h^^^ttcom&M&lsX^Xi? 

EJFrtfc^U Sl^lfW y r> A 4 ^ 3 0 0 ^ m<^f 

mtif}) $2*-?tbZ>o /**ftfrW\ £EAdS#JBEtf, 

i o 5 0tT% jftiSKft^S 10 0/im/hT'fc 

[0 0 9 2] HVPEjp^6S5tHUfe|)|Jl»K8«r|R 

st77^rcisfii trnttfy vj*m4t&&mi, 

2X10 4 ffl/cm 2 *#M^ft<. &tfi& 

(*«s« 15)04 t**&m<om{tJf y 

[0093] ^ifg^j 2 M** L,ttmz i 9 # bn^fliD^ 

5 0. 8mm (^2^>-^0 ©^JBrftKft^f y * A^;g 
VDfeM<fc DSiO, I31$:0. 5 imtilCDW- 

SKitau y y^.^iatcj: sia 

g31iC<ll-2 0 >^^ff}C^ b7^^«cD^3 2 
-fr^: 0 83 2(DStt»3iim, S i 0 2 S3 

[0 0 9 4] roSffiSrMOCVDjFrtlcAiiT, mm 

Ug&l 0 5 O^tC^-CJi^ TMG^T^T^ 
ttffWy !)AI3 3Sr2^m©fSlcMS 

S«±®SrSv^. *JM&teT«ft*BS:*i-5«fl2ify 

3 t&vtzo z<7>mm±\£&m^t ltom 

34?r0. lMm©»SlC*»S*fc«, S«SrHVP 
EjlFF*9{CAiX. SSSSIfcafc^f y^A35^300A 

rxtKKfls^fy «>A-e*>s 0 *s*#^. jbe**#jee 

T% 10 5 O^Tn f&g:mm& 8 0 v m/h 
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[0 0 9 5] HVPEjp^6>«t!Jiau^aJB*S9S:3E 

#y ^iM B s B s« 3 5 e>mm&m*mt>m8k&Lx*m& 

U «B© y h Lfc i r 5, lxio 5 

ifl*E3 5as#bHT^5;i££^|glLfc 0 

mmmi 6) njsm sr^u^ft^w^tt^ns 

(n = 5 X 1 0 ,? cm" 3 ) nSG aNs<y7TM 0S£ 
#}2. 0/zm) 10. SiK-/ (n = 5X10 1, cm 
_3 ) nlAl,.nGa,.nN^7J/KI («<*»1. 0 
^m) 11, Si K— ^ (n = 1 X 1 0 17 cm" 3 ) nS 
G a N SCHI 0. 1 /i m) 12, S i K— 

/($tlirVK-y) I no. 2 Gao.e N/ I n e . 06 

0^y^hD-AX3) 1 3. Mg K— -? (p = 2X 

10 19 cm" 3 ) plAlo. 2 Ga 0 .„Ntw^7n- 
BSltS (^£*?J0. 0 2/im) 1-4* Mg K— ^(p = 

2X10 19 cm" 3 ) plGaN^^i (i?$#*J0. 

1/xm) 15 > MgK-/(p = 2X10 ,9 cm" 1 ) p 
lAl,.,rGa,.„N^7S'KS (ISiKlO. 5 ft m) 

1 6 g K— 37" ( p = 2 X 1 O 1 9 cm" 3 ) plGa 
N^^^M OP£&>0. 0 5/zm) 17SrJWft»fiK 

[0 0 9 6] ^O^, H5l;:*tJ:5'i;LD*afflS© 
p K^-f 3iy^>'^S:J6UT«*5J4/*m % 2££^ 
0. 4^m©yj/^»*ff»U t»***ffofc. 
Sfci^ Jy?;©i»|:Ni/Auiifc»*U pi 

»Sfll»CttT i /A 1 «tt&*BtC«j5fcU nit-^; 

y^«ai9iu, $?>fcf^$g®(cT i a /sio 

2 a>&ft*»fia*=-^:x*W <H***-f. ) MfcU 
fee ^2 0iD^S«:5 0 0/xm^UfCo 

o^iim-r5^sffi«:««S4. 5k a/ cm 2 , gg® 
abbes.. 5vr«aa»BB«ufc. sea^ss^e 

^£;iVC^£;rc#>fji^2 0tf>f§Hftte2 5*0, 3 0mWl 
■&B*fc::j3^t\ 5 0 0 0«FntA#*#ttSr*L"CV<* 

[00,9 7] ft. H5tt««n<oK^^A3lSASfi 

[0 0 9 8] ^tc^iS^^fcov^^^^o 
[0 0 9 9] -*«JiJC««S*<5A«lRO»SWt, 10 
— 1 0 0 0 nm^BIfttfcS: &£*aS LV\ rixtt 
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#y ^^3»ao«»^s^f*&— i:/^^ mttfvy^ 
ttr. ^«M©i*cj«*i-s»i:^y ^AKo»att36s 

<4S£, mtiLhmtJf}) VJ*Jgk<D&LMtm^<te 

So 

[oioo] &mfm±fc&&-tz>mfctfy *ar<d«s 

10 fi, 5 O^m^Jb-efcSr i:^a*LV> 0 rtttt* 

«W»5Mt3»s^J6UT«l*b^-< ft 9* g9?0 

[oioi] rr-e, &JgBS£^®/g£ LTlv^rt 
t% s« t was v?j»k <o&*jm^m&im&m 

[0 10 2] -Mfc MKi: LT> := JBV* 

—v^ffimm^ iesitt^a^ *©_hfc:j**-t-s»b. 
■ ft^fy 9 A«o»*tt*ati«r t wt«< 45. mm<o 
[0103] m<t#v &j*m<D&&j?mi±, hvpes 

*tfi* «*ft*3Kft*S;K<* «Jte#a<029*#*ftfc» 
40 ^iaotfci:v\ ftYb^y !?A«Sr^** 

^fy ^ABtJ»< ****** ^ «f£0>j£*2fc£r3a* 
[0 10 4] 4*5, Jbau^ltlt^tt^i^^r^ 

rctisfix^ya^ (i 1 1) m&zm^tLW&x- 

tt; SiMlC, Ge, GaAs. GaP, I n P%$%: 
fflV^Tfci:V^ e AJW»-h^***Saft^fy l^AOft 
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20 



M g ^ k— ^ ufc P mmitif y $ j*mwL<Dfm\z. 

mX^Zo Wfc<D&mi&<Dftt>*)\^ NiAl, NiG 
a, CoAl, CoGa?^M§rfflV>Tt.iV\ & 

U ^&jRReD±lcgiRtttc^b#y io 
[0 10 5] *»w©»t#y Sfb# 

[0 10 6] fiUim*5V^T*l8MJcJ:tLri % 

-e#3 0 20 

(2) S«<D^^g|cfTX.S^Je>. *7s>^*o* 

(3) t7r^7M^l^y *A«i©*»S«S3«» 

(4) mm^m^tm. *js-e«Mfy »^'wMr*4>e 

(5) »*a«^J:v>aEYt^fy 30 

[0 10 7] 



[0108] {B*RS«K^tt*fe?5Sfc<0 
**v^*ftsf y ^^^ 0 B 0 s«^M^*^^^^y r> 
^^ B B B ^^>s«^^"r -5 r £ a*-e# * 0 

[13] *»9§*>»fcefy i>A3l$SS«(DS85g*SSrig 
[H4] *»W<0«fls#yf>A«»^o«jfcfrjfeSr-3([ 
[1 5 ] *»w©SWt;tf y »AtMra*jBv*fca%x 

[flF-5§*<OR9f] 

1 »«*f77-rrcBi« (tuaxe- 

4 y * i»m % Kft^f y ?AMS©@ £K« 

5. 7 V 8, 9 

6, 3 1 SiOj (^^^) 
3 2 S i O z ^X^CDjg (Mng&) 
3 3 »Mfy*A» 

3 4 £jR 

3 5 Wfcjtf y y $r A 



II] 



[i2] 



-5 




3 -17 

J :l— 16 

15 



Z 14 

11 

10 



35 

19 



(72) mm mm 

F^— ^(#%) 4G077 AA02 AA03 BE15 DB05 ED06 
EE07 EF02 FJ03 TB03 TC12 
TC17 TK11 
5F041 AA40 CA34 CA40 CA65 CA74 
CA77 

5F045 AA04 AB14 AB32 AC08 AC12 
AD10 AD14 AE29 AF03 AF09 
AFIO AF13 AF20 BB12 EB15 
GB11 GH08 HA14 

5F073 AA45 AA74 CA07 CB02 DA05 
DA23 DA35 
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(54) METHOD FOR MANUFACTURING GALLIUM NITRIDE CRYSTAL SUBSTRATE AND THE SAME 
(57)Abstract 

PROBLEM TO BE SOLVED: To provide an easy-to-use method for 
manufacturing a gallium nitride crystal substrate with a low defective 
density and a low contamination degree of impurities, and provide the 
substrate. 

SOLUTION: A starting substrate 1 comprises either of a single-crystal 

sapphire substrate, a substrate formed by growing a single-crystal 5 
gallium nitride film on a sapphire substrate, or a single-crystal 
semiconductor substrate. A laminated substrate 5 is formed by 
depositing a metal film 2 on the substrate 1 and depositing a gallium 
nitride film 4 on the metal film 2. Thus, the peeling of the gallium nitride 
film 4 from the starting substrate 1 becomes easy. 
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